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(54) Abstract Title 

Retrievable drill string pressure measurement device 

(57) A drill string section for use in making up a drill string for oil and gas drilling carries instrumentation for 
measurement while drilling and logging while drilling operations. The instrumentation includes a dynamic 
pressure device for measuring drill string bore pressure of incoming pressurized fluid and drill string annular 
pressure of returned pressurized fluid. The instrumentation is retrievable from the drill string when the drill 
string section is stuck or otherwise abandoned downhole. Said instrumentation can also be returned down 
hole and re-seated in instances where the drill string is recom missioned for operation, or in instances 
wherein the tool needed replacement. The drill string section comprises a length of drill string pipe having a 
bore defined by an inner surface of a wall which has an outer surface. A cylindrical landing sleeve 34 and a 
support for centering the sleeve In the pipe bore is provided. Communicating ports extend through the drill 
pipe wall from the outer pipe surface through one or more leg supports to an inside surface of the landing 
sleeve. The instrumentation is provided in an elongate cylindrical tool shell 32. The outer surface of the tool 
shell has spaced apart seals which engage the inside surface of the landing sleeve. The seals are located in 
the sleeve on either side of the communicating port(s), forming a leak tight annular region that eventually 
communicates through appropriate ports to a pressure transducer. The instrumentation in the tool shell has a 
first terminated port 48 in the tool shell located between the seals which communicates with a pressure 
sensor 46 used to measure drill string annular pressure. A second terminated port 58 in the tool shell opens 
into the drill string bore and terminates at a second pressure sensor 52, permitting a pressure measurement 
of the drill string bore to be made independently of the said drill string annular pressure. 
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p^mCjBgSSUBEaF VI CF FOR OIL PRIIL SXSIEMS 

Bald ttf the Invention 

Petroleum exploration activities occasionally require speaataed dr.ll.ng 
techniques to optimise production from certain types of reservoir strarum. 
One such drMng rechnique is known as -underbalanced" drilkng, which 
employs singly or a combination of nitrogen, carbon dioxide or other tnert 
gasses and drilling mud as the primary composite drilling fluid. Intha 
station, down hole pressure of the composite drilling fluid is mondored witn,n 
me drill string bore and the we» annulus. w*h me goal of preventing formauon 
fracture due to overly high gas pressures. Another goal of undernamed 
drilling is fo minimise loss of me composite drilling fluid to me formation, which 
can be re-circuiated una drilling is complete. Clear,,, a specialized dnlltng 
device is needed to measure me drill string and well bore pressures . make 
underbalanced drilling possible. 

Par Pnrp"" rt atlha toxsnm 

Altnough mere are a variety of devices for measuring downhole dnllmg 

fluid pressure, some of the devices require a temporary cessation of dnllmg 

operations, which in some cases incur cos, and time delays unacceptable to 

drjnin g operators in the compete exploration market. Such a system ,s 

described in Canadian Patent 607.352. Other types of systems allow 

downhole pressure measurement while drilling, generaiy making, use of 

e,ectronic pressure measurement tools rigidly fixed to me lower portion of me 

drill string, near me drill bit While satisfa«ory for mis service, such devces 

are irrecoverable in me even, that this section of me drill string becomes stuck 

downhole. and consequendy abandoned if effort to free i, are unsuccessful. 

Typically the drill string above me stuck section is disconnected in some 

fashion and brought * me surface, leaving beh,nd the drill motor, drai bit. 

pressure measurement tools and the lower section of the drill string. 

, Examples of such systems are described ,n U.S. Patents 4.297.880 and 

4 805 449. which are capable of sensing drill bore and annulus pressure, but 


as menrioned are irrecoverable in .he even, o, drill suing abandonment due ,o 

their mechanical design. 

Tnereisasigndlcantneedfor an eiecuonic downho.e system ma. 

measures pressure in me drU, string bore and me well annulua (me area 
and repons pressure measurements* rhe surface in a amely fasmon Such 

me drilling opera,ion based upon thia and other informal. Trie va,ua of 
I! a del is greedy ennanced by proving rerrieva, and reseabng 
10 cU«e, ^vaipem^dterecoveryofthedeviceins.tuaaonaw ere 
.eddrrstr^oecomesstucKandmustPeaOandoneo. ™- ^ 
ai.auona anse^ereme^mua. he recovered tt mporan,yandmen 

returned to me end of me drill string so ma, me drilling |>b may be condnued. 

» — — - 3 - ° ( ° Pera,i ° na ' " 
, 5 observed in me general mantel for similar devices. 

"inmmiirr itf tint Ipu-ntlon 

SUmm ^^u7^ re O-ice (DPD), in accordance wUh an aspe , , 
« invent measures pressure in me dri» suing bore and me we I annu,us 
(me area between me oollar OO and me well bore) and reports the 
20 2 rementfoau—rfocated^inthefoolstring. 

„„ now to proceed with me drilling operarion based upon m,s and other 

25 for use in maldng up a dri» string for oi, and gas drilling ,s provide^ The nil 
section carries instrument for Measurement Wni,e Orin,ng and Uo n 
Wriile Drilling operadons. said insuumentation including a """" 
0e ice for measuring drill string bore pressure o, incoming pressuring 
Z, and drill string annular pressure o, returned pressurized dn,„ng M. 

30 said insdumentation being remevabie from sa«. drill s W ng when sa,d dn,l 
ng secion is s,u* o, Chenvise abandoned downbole, or o,hen»,se 
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reseatable into said drill string as required when drill string is deemed 
operations and fit for continued drilling. The drill string section composes: 
i) a length of drill string pipe having a bore defined by an .nner 
surface of a pipe wall which has an outer surface, 
5 ii) a cylindrical landing sleeve and a support for centering said 

sleeve in said pipe bore, 

ii, communicating pons extend.ng through said drill pipe wall from 
said outer pipe surface to said inner surface and through said support to an 
inside surface of said landing sleeve. 
10 jv) said indentation being provided in an elongate cylindrical 

tool shell, spaced apart seals whicn engage saw inside surface of «,d 

.anding sleeve and the outer surface of said tool shell, means for .ocating sa,d 
communicating ports between said spaced-apart seals. 

v) said instntmentation in said tool shell having a first termmated 
,5 passageway in said tool she,, between said seals wh» communicates with a 
pressure sensorwithin said shell to sense thereby said drill string annular 
pressure. 

vt, said instrumentation having a second terminated passageway ,n 
said tool shell in commumcation with said drill string bore and in 
20 communication with a pressure sensor within said shell whereby said drill 
string bore pressure is sensed. 

BrifiLBfiSseipiioP °* the Prayings. 

Preferred embodiments of the invention are described with respect to 

the drawings wherein. 
25 Figure 1 is a schematic of the abandonment of a downhole dnl. string. 

Figure 2 is a section through the drill string of this invention. 
Figure 3 is an exploded view of the drill section Figure 2. 
Figures 4, 5. 6 and 7 show embodiments of the invention where the 
pressure sensor system and related electronics can be withdrawn from the 
30 drill string when it is necessary to abandon the drill string, or alternately re- 
seated when required. 
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Figure 8 is an exploded view of an alternative embodiment for the 
mourning of the pressure measurement svstem in the drill string. 

Figure 9 is a section through the assembly of F,gure 8. 

Figure 10 shows yet another alternative embod.ment for the mountrng 
of , he pressure measurement device within .he drill string. 

gro und drilling structure ,0 has me usual rower ,2 wi,h drit, ^ 

and drive components ,4. The drill suing 16 is made up of ,nd,v,dual M 

ari ^seoSons18..he,owermostofwhichinc. u desadri.lbit 2 0. Fora 

variety of reasons k may be necessary ,o aoandon die downhol. dn» stnng 
parfcularly .he drill suing adjacent me M bit due to me drill bit becoming 
«u* or otherwise seized in ..reformation. The abandonment of me lower 
most driU string can be cos% because of the value of me electronic 
components in the tool sub-assembly which are used to prov.de for 
"measurement while drilling and logging while drilling operations", in other 
cases, me tool itself may M and requires replacement. In these situations, 
me replaced tool must be lowered down .he drill string and re-seated a. rts 
original location so ma. dolling operations may resume. It is understood of 
course mat when the drill bit 20 is abandoned the operator may commence 
redrilling of me bore and provide for an alrernate route around me abandoned 
M section as indicated by the dotted lines 22. A number of contemporary 
systems provide for retrieval o, re-seating of me electronics in circumstances 
of drill string abandonment ortool replacement, however such systems are 
not intended or omerwise designed for measuring drill string bore pressure 

and drill string annular pressure. 

in accordance with this invention, me system shown in F,gure 2 
provides for pressure measurements and at me same time allows retneva, 
and re-seating of the electronic components from, and into, me downhole dnl, 
) section. The upper female connector 24 of me drill suing section • 

connected to a male threaded connector 26 of an upper drill string secuon. 
Correspondingly me male section 28 is threaded into a female secrion 30 of 


the lower drill string 18. The electronic components for measurement wh.ie 
drilling and logging while dri.ling are housed in an elongate cylindrical too. 
shell 32. 

The cylindrical tool shell is positioned within a landing sleeve 34. The 
5 cylindrical tool shel. may be removed from, or .nstalled into, the land.ng 
sleeve in the manner discussed with respect to Figures 4 through 7 by 
grasping a connector stub 36 which is secured to the cyl.ndrical tool shell. A 
suitable latching mechanism 37 is provided in the drill string to releasably 
secure the tool shell in the drill string and locate it in the drill string. Although 
10 there are a multitude of electrical opponents within the cylindrical tool shell, 
the specific components of interest in respect to the invention are the devices 
for measuring drilling fluid pressure in the bore 38 of the tool string and drill 
string annular pressure in annulus 40. The annulus 40 is defined between 
the earth formation 42 and the exterior 44 of the drill string section. Pressure 
1 5 transducer 46 is provided to measure the pressure of a circulating drilling fluid 
in the drill string bore 38. A port 48 in the cylindrical tool shell communicates 
with a passageway 50. and terminates at the sensor 46. Dr.ll string annular 
pressure is measured by pressure transducer 52. Pressure sensor 52 is in 
communication with passageway 54. wh.ch in turn communicates through an 
20 annular passage formed between the tool barrel and the inside diameter of 
landing sleeve 34 and ultimately through passageway 56. Passageway 56 
communicates with annular space 40. noted as the drill string annular region 
that conveys returned drilling fluid to the surface. 

Further details of the system are shown in the exploded view of Figure 
25 3. The elongate cylindrical tool shell 32 has the respective ports 48 and 58 
on the periphery 60 of the shell 32. Port 48 ,s in communication with the 
pressurized fluid within the bore of the drill string section. Port 58 is located 
between seals generally designated 62 and 64. The cylindrical tool shell 32 is 
of a dimension that readily slides through the bore of landing sleeve 34. 
30 Seals 62 and 64 project slightly from the periphery 60 of the tool shell and 
form an interference fit with the interior surface 63 of the landing sleeve, the 
resulting seal deformation providing a liquid tight seal with the interior of the 
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A.thouon in accordance with this ambodimant, the seals ace 

L spaces defined between me periphery of me tending steeva and me 
Z Z - ma drill string section. Tne landing sieeve 34 is secured 
, Tl 9 section in accordance w*h me embodiments to be 

Fibres 4 through 7. fn addflion me ,eg 65 incudes a port 0 
blends through me ,e 9 and ma wa« sec*>n 72 of me land.ng sleeve. 
; po " s in communication with a port 74 defined wimin remote plug 
L tending sleeve is of course fined to me dr», string section ^re ma 
. flrill s,ringsecfionisp.intouse. ^ZT^ZlZ^ 
landing sleeve, a suitable stop, such as tne latch 37. is prov.o 

ana 58 end mrougn passageway 54 to me pressure transducer 2. Sea 62 
20 and 64 atso prevent me fiuid from me drift suing bore, wb,c ,s a h gner 
pressure man me annutus fluid, from teaming int. ma annular space 92 
formed between me seals, tool Parrel 32 and landing sleeve bore. 

Figures 4. 5 and 6 demonstrate me manner in which ma eyllndnca, too, 
M ma, be extracted from me drill string section ,8. On me interior surface 

or re-seating operation. Tne landing sleeve 34 has its lag pomons 65 

Lred in me dril, string wal, 82 by way of bolts 84 wbicb are threaded tnfo 
r^ecflvelegaesinthreadedbdresfle. Trie pressurized drilling u,d ,n 
30 UpriLngboreflowsovermetubularslaevebywayofaspacedefined 

between tne interior 68 and me exrerior 66 of the landrng sleeve. 
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Tne extract ,00, 80 is shown in Figure 5 as having damped on*, me 
co „„ec.or «uo 36. Extracaon device 80 is connected to a wire l,ne or ne „Ke 

may be putted from me ianding steeve in me manner shown ,n F,gure 6 where 
Te 1L sne„ is moving in me direction o, arrow 90. in mis manner, me 
He e,ee,ronic components in me cylindrical too, she,, may eroded 
Pefce me « suing and M P* are aPandoned. Similady, the cy„ndncau oo, 
2 [ma, he reinstalled ifthe drit, smng and dritt Pi. are restored to service or 

me electronics oMhe extenor Pore 

With reference to Figure ^ me reiou 

K rt ,»,n The exterior bore 74 extends through the 
74 to the interior bore 58 ,s shown. The extenor 

^ tho hrtro 74 commun cates with bore 70 
wall 82 of the drill string section. The bore 74 commun. 

up into me space defined Pe«ween me extenor surface 60 of me cyt.ndnca, 
tool shell and me interior surface 63 ofthe landing aeeve. As previous., 
Ca"pmereisas,igh,gapPe W eenmec y ,inddca, ra o,she,,andme 

interior of the landing sleeve ,o permit insert^ and retraction of the 
Jindncal too, she, Th* space is seated of, to each side o, the port 70 P, 

- « and ,0 are confined * * 
communication with the annular space 02 so that any pr 
Tpl 02 enters port 68 and along passage 64 tnerePy me pressure o -n 

id is sensed oy me pressure transducer 62. tn mis manner a re ®«e 
economical system is proved wh,ch P erm«s measurement - « 
25 annular pressure white a, me same time penning exuecon o, me cyimdnca, 

,Q0 ' "I alternative embodiment for the dnt, string section is shown in Figure 

8 The construction o, the cylindrical too, she,, 32 is essentially the same w h 

ne spaced apart seals 62 and 64. A slight recess 94 is provided for port 68. 

Z , rfno s eeve 34 is replaced with an alternative emhodimen. 96 which ,s 
30 The landing sleeve 34 ,s r P ^ ^ ^ ^ , ngs 

fixed on me ntenor surface 66 ol tne ami sm a 

To descriPed in more detail with respect to Figure 0. Tne port 70 ,n me 


20 
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landing sleeve 96 is longitudinally alignad with ma port 74 of plug 76 wh,ch 
aT»e acniavad dur,ng a—, however radial oriental o, port 70 w,h 
re spac, ,o port 74 is unimportant Wi,h reference » Figure 9 me landmg 
aiel 96 is secured inside ma ,ubu,ar suing wal, 62 by way of Cc„ps 98 
wnicr, angaga .ha faces 9 3 and 95 of landing alaava 96. The C^s 
Interconnect wim grovaa ,00 and 102 in .ha dnil smng secfron wall. Tn,a 
anangemen. pern* «ha insraflaflon of me C*» ao .ha. may can ear up 
agains. ma upsfream and downsueam facea 93 and 96 o, landing a leave 9 6 
,„ accordance wim mis preferred embodimen. .he cynndncal too, nan 
32 nas a ledge ,04 which defines a amp and which aburs .he upaueam face 
93 of ma landing aleeve. Ahernauvely. .ha mo, aha,, 32 ma, be locared by 
omar mechanical amps incorporated on ma mo, similar .o omer embod.man.s 
of me invention. The (ending sleeve incudes saa,s 104 .o seal me e»enor of 
ma ,and,ng sleeve within me interior 68 of .he driil suing seaion. In add,*on^ 
m or as a replacemen. for me preferred embodimen. showing seals 62 and 64 
on me cylindrical <oo, shell, me landing aleeve may indude eeale 106 wh,ch 
S aa, .o ma exterior 108 of .ha cylindrical tool shell to enaura a leak Ugh. 
connection. The port 74 which extends mrough me wa,l o,me drill aving 
secflon ia aligned longitudinally, bu, no. necessamy radially, wim port 70 and 
laada irao annular apace 110. Port 58 leads from pressure frensducer 52 and 
opens into annuiarapace 110. permiuing a reading of drilling fluid annu,ar 
pressure* be made. Mulfrple arcua.a apertures 112 provide open channels 
,or me flow of drilling fluid along me drill smng bore. In a manner discussed 
„im respaco Figura 2. pressure transducer 46 communicatee with port 48 
j mrough passageway 50 permitting a pressure measurement of me drill smng 

bore fluid to be made. 

Wim reference to Figure 10. an alternative embodiment for me landing 
s ,eeve is shown. ,n «h,s ambodiman, ma landing sleeve is integral wim me 
drill suing seaion 18 and i.s wall sacflon 82. Tha .ending sleeve 1 14 ,s 
machined as part of the drfll string bore during the fabrication process. The 
landing sleeve wan 1 16 ia spaced from .ha interior wall 1 18 of me M smng 
by circumferential arranged legs 120. Tha landing sleeve 1 14 has arcuate 
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shaped channels 122 which extend through the landing sleeve 1 14 and 
P rov,de the necessary flow paths for the pressurized drilling fluid. The 
.anding sleeve 1 1 4 has the port 1 24 extending from the exterior of the dr..l 
string section through the wall 82 through the .eg 120 and through the wall 
116 of the sleeve. The cylindrical too. shell 32 may be constructed .n the 
same manner as that of Figure 3 so that the seals 62 and 64 are positioned to 
each side of the port 124. This provides, as discussed with respect to the 
prior embodiments, for the usual communication of pressurized drilling flu.d 
on the exterior of the drill section to within the system for measurement by the 

pressure transducer 52. 

Accordingly, various embodiments are provided which demonstrate the 
effectiveness of a landing sleeve in providing for annular pressure 
measurements of drilling fluid, and at the same time providing for a retracts 
or re-seating of the cylindrical tool shell while the drill string is down hole. 

Although preferred embodiments of the invention have been descnbed 
herein in detail, it will be understood by those skilled in the art that vanations 
may be made thereto without departing from the spirit of the invention or the 
scope of the appended claims. 


claims 

1 . A drill string section for use in making up a drill string for oil and gas 
drilling, said drill string section carrying instrumentation for Measurement 
5 While Drilling and Logging While Drilling operations, said instrumentation 
including a Dynamic Pressure Device for measuring dnll string bore pressure 
of incoming pressurized fluid and drill string annular pressure of returned 
pressurized fluid, said instrumental being retrievable from said drill string 
when said drill string section is stuck or otherwise abandoned downhole. said 

10 drill string section comprising: 

i) a length of drill string pipe naving a bore defined by an inner 
surface of a pipe wall which has an outer surface. 

ii) a cylindrical landing sleeve and a support for centering said 

sleeve in said pipe bore. 
5 Hi) communicating ports extending through said drill pipe wall from 

said outer pipe surface to said inner surface and through said support to an 
inside surface of said landing sleeve.. 

iv) said instrumentation being provided in an elongate cylindrical 
tool shell, spaced apart seals which engage said inside surface of said 

20 landing sleeve and the outer surface of sa.d tool shell, means for locating said 
communicating ports between said spaced-apart seats. 

v) said instrumentation in said tool shell having a first terminated 
passageway in said tool shell between said seals which communicates with a 
pressure sensor within said shell to sense thereby said drill string annular 

25 pressure. 

vi) said instrumentation having a second terminated passageway in 
said tool shell in communication with said drill string bore and in 
communication with a pressure sensor within said shell whereby said drill 
string bore pressure is sensed. 
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2 A drill string of claim 1 wherein said landing sleeve comprises a hollow 
cylinder with said support being support legs extending in a length direction 
along said cylinder, said .egs being adapted for securement to said inner 
diameter of said drill pipe and fasteners for securing said legs to sa,d dnl. 


pipe 
3 


3 A drill string of claim 1 wherein said landing sleeve comprises a hollow 
cylinder with support legs extending in a length direction along said cylinder, 
said support legs and said hollow cylinder being integral with said drill p.pe 


10 section. 


4 A drill string of claim i wherein said landing sleeve comprises a hollow 
cylinder with support legs extending in a length direction along said hollow 
cylinder, said support legs and said hollow cylinder being integral, said 

15 landing sleeve being positioned in said drill string by C-dips engaging sa.d 
drill string and located on each side of said cylinder. 

5 A drill string of claim 1 wherein each of said seals for said cylindrical 
tool shell, each seal is a ring seal of compressible materia, which permits said 

20 cyltndrical shell to slide within saia landing sleeve. 

6. A drill string of claim 1 where.n each of said seals is provided on said 
inside surface of said landing sleeve. 

25 7 A drill string of claim 1 wherein said cylindrical shell has at its upstream 
end, a coupling component for connection to an instrumentation retrieval 
device to permit withdrawal of said instrumentation from stuck or other 
abandoned drill siring section. 
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8. 


10 


0 A drill string of claim 2 wherein two or more opposing support legs are 
provided on said ho.low cylinder, each support leg oeing of a thicKness to 
provide an annulus of sufficient cross-section to accommodate typical flow 
rates of drilling fluid along said drill pipe bore. 

9 A drill string of claim 8 wherein each of said legs have a plurality of 
tnreaded bores which are aligned with apertures in said drill pipe wall, sa.d 
fasteners extendmg through said apertures and being threaded into sa.d 
threaded bores to secure said legs to said inner surface. 

1 o A drill string of claim 2. wherein said legs are releasabie from said 
fasteners to be removable from said hollow cylinder, said commun.cat.ng 
ports extending through one of said legs. 

15 11. A drill string of claim 1 wherein said pressure sensors are pressure 
transducers secured in said cylindrical tool shell. 

^2 A drill string of claim 1 wherein an annular space is provided in said 
cylindrical tool she... said annu.ar space being formed between said spaced 
apart sea.s and communicat.ng with said first terminated passageway in sa.d 
cylindrical too. she... and said annular space aligned with said commun.cat.ng 
ports to complete communication between outside said drill string p.pe to sa.d 
pressure sensor regardless of radial oriental about a longitudinal ax.s of 
said cylindrical tool shell. 

13 A drill string of claim 1 wherein said drill pipe includes on said inner 
diameter and upstream of said landing sleeve a guide for guiding inserts of 
said cylindrical tool shell into said landing sleeve. 


20 
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14. A drill string section for use in making up a 
drill string for oil and gas drilling, substantially 
as herein described with reference to the accompanying 
drawings. 

15. A drill string for use in oil and gas drilling, 
comprising a drill string section as claimed in any of 
claims 1 to 14. 
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